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Abstract 
Injecting carbon dioxide into oil/gas fields has been regarded as a feasible way to reduce the global warming, at the 
same time it could enhance oil recovery. The density of CO2 + oil is a key parameter for carbon dioxide capture and 
storage. Dodecane has similar thermal physical properties with petroleum. The aim of the work is to reveal the 
relationship between the density and the pressure and the temperature for the carbon dioxide (x) and dodecane (1-x). 
It was measured by the magnetic suspension balance (MSB) with temperature from 313.15 K to 353.15 K and 
pressure from 8 to 18 MPa at different CO2 mole fractions: x=0, 0.2497, 0.5094, 0.7576 and 0.8610. The 
experimental results show that the density of CO2 + dodecane mixture increases with the increasing pressure and 
decreases with the increasing temperature. It is found that the density of the mixture increases with the increasing 
concentration of CO2 firstly and then decreases at high mole fractions. The variation trend is similar with that of CO2 
+ decane /tridecane mixtures. BWRS equation of state was established based on the experimental data, which agrees 
well with the density of CO2 + dodecane. 
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1.Introduction  
In recent years, the global warming effects result from excessive carbon dioxide emissions is attracting 
more and more interests. Exhaust gases from fossil fuels combustion in power plants contain CO2, SO2 
and other gases [1]. Carbon dioxide capture and storage (CCS) is considered as an alternative and feasible 
way to mitigate the carbon dioxide emission into the atmosphere, which could reduce about 20 % of the 
 
* Corresponding author. Tel.:+86-0411-84706608. 
E-mail address: songyc@dlut.edu.cn 
© 2014 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Peer-review under responsibility of the Organizing Committee of ICAE2014
 Yi Zhang et al. /  Energy Procedia  61 ( 2014 )  504 – 508 505
CO2 emissions per year by 2050 [2]. The injection of gas into oil wells to recover additional amounts of 
petroleum and natural gas is called enhanced oil recovery (EOR) and has been used for many years 
effectively [3]. Due to the lower minimum miscibility pressure required for CO2 mixes with situ oils, CO2 
is preferred to boost oil production through injecting CO2 into oil reservoirs, at the same time, it could 
reduce CO2 emissions to alleviate the greenhouse effect [4].  
The thermodynamic parameters of CO2 + petroleum mixtures such as volumetric characteristic, 
viscosity and density need to be investigated in a wide pressure and temperature range for CO2-EOR 
process. Dodecane was selected as a model fuel instead of petroleum due to the similar thermal physical 
properties. Densities of CO2 + dodecane were measured under the pressure ranges from 8 to 18 MPa and 
temperature ranges from 313.15 to 353.15 K at five compositions x=0, 0.2497, 0.5094, 0.7576 and 0.8610 
using a magnetic suspension balance (MSB). The Benedict−Webb−Rubin−Starling (BWRS) was 
established to model the experimental results. 
2. Experimental section  
The nitrogen and carbon dioxide were supplied by Dalian Da-te Gas co., Ltd. The purity of the gas is 
99.999 % mole fraction and 99.99 % mole fraction, respectively. The dodecane (certified purity of 99 % 
mole fraction) was supplied by Tokyo Chemical Industry Co., Ltd (TCI). These materials mentioned 
above were used without any further purification.  
2.1. Apparatus and Procedure 
The magnetic suspension balance (MSB) produced by Rubotherm Präzisionsmesstechnik GmbH could 
work in the pressure up to 20 MPa and the temperature ranges from 253 K to 423 K. The core 
components of the MSB include a microbalance, a measuring cell, a permanent magnet and an 
electromagnet. The electromagnet, which is attached to the underfloor weighting hook of the balance, 
maintains a freely suspend state of the suspension magnet via an electronic unit. The magnetic suspension 
couples the sample and transmits the weight of the sample to the balance. The mass precision of the MSB 
could accurate to 10-5 g. The principle diagram of the experimental system was given in Fig 1. An oil 
bath (JULABO FP 50-ME) was used to control the temperature of the measuring cell; a circulator with a 
thermostatic jacket filled with circulation oil surrounded the MSB. A Pt 100 temperature probe was used 
to measure the temperature and the pressure was measured by a pressure sensor. The resolutions 
presented accurate to 0.01 K for temperature, 0.001 MPa for pressure [5]. 
 
 
Fig. 1. The principle diagram of the experimental system 
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Before the experiment, the leakage detection of the whole system is necessary. In order to verify the 
reliability and accuracy of the experiment system, the densities of nitrogen and deionized water were 
measured. During the experiment, a certain amount of CO2 was injected, and then dodecane was injected, 
a circulation pump was used to promote the dissolution of CO2. And then the densities under different 
temperatures and pressures were measured. 
2.2. Experimental Principle 
According to Archimedes principle, the sample immersed in the fluid undergoes an apparent loss in 
weight equal to the weight which the fluid displaces, the solubility, density and so on could be obtained 
through further calculation [6]. Therefor the buoyancy induced by fluid results in the difference between 
the system readout of the sinker in vacuum state and immersed in the CO2 + dodecane solution at a given 
state in MSB. The principle could be described as 
 
( ( , ) (0, )) /s m P T m T VU     (1) 
 
In this equation, sU  is the density of the solution, V is the volume of the sinker, m (P, T) and m (0, T) 
are the readout of the MSB at pressure P and vacuum at the same temperature T. 
3. Results and discussion  
The variation trends of the binary mixtures were presented in the Fig 2. It can be seen that the mixture 
density will increase when CO2 dissolved in the dodecane . The density of the mixture increases when the 
pressure is elevated. It is found that the density of the binary mixture increases with increasing CO2 
concentration firstly and then decreases at higher CO2 mole fractions and lower pressures, which  can also 
be observed in other temperatures. This phenomenon has the same trend in CO2 + decane mixtures [7]. A 
crossover is observed at low pressure and high concentration of carbon dioxide. This phenomenon could 
be attributed to the density of CO2 + dodecane mixture is approximate to CO2 at high CO2 concentrations. 
And the density of pure carbon dioxide is lower than dodecane at low pressure, so the slope of the low 
CO2 concentration is smaller than that of high CO2 concentration. BWRS equation of state was used to 
calculate the density of CO2 + dodecane mixture, which was used by Wu Yuguo [8]. The average 
deviation is 1.82 % when CO2 mole fraction is 0.861. The deviation is no more than 1 % when CO2 mole 
fraction is below 0.7576. The absolute average deviations(AAD) and kij are listed in table 1. The CO2 
mole fraction dependency of binary coefficients could be developed as eq 2. 
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Fig. 2. (a)  Density of CO2 + dodecane mixture versus temperature at 14 MPa; (b) Density of CO2 + dodecane mixture versus 
pressure at 323 K; (c) Density of CO2 + dodecane mixture versus CO2 mole fraction at 323 K 
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Table 1. Optimal kij and AAD (%) of the density calculated by BWRS 
x kij AAD 
0.2497 -0.26783 0.18 
0.5094 0.04912 0.19 
0.7576 0.08839 0.45 
0.861 0.05436 1.82 
 
21.9315 2.6616 0.8106ijk x x      (2) 
4. Conclusion 
Densities of CO2 + dodecane binary mixtures have been measured by a magnetic suspension balance 
in this work with temperature range from 313.15 K to 353.15 K and pressure from 8 MPa to 18 MPa at 
five different CO2 mole fractions (0, 0.2497, 0.5094, 0.7576 and 0.8610). The following conclusions can 
be obtained: (1) The dissolution of CO2  would increase the densities of dodecane; (2) The densities of the 
mixtures decrease with the increasing temperature at a constant pressure, increase with the increasing 
pressure at a constant temperature, and increase with the increasing CO2 concentrations firstly while 
decrease when CO2 mole fraction is larger than 0.8 at low pressures; (3) A crossover effect at high carbon 
dioxide mole fractions can be found in this experiment. 
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